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Abstract
Non motorized trips constitute a major portion of the total trips made in the smaller Indian (population between 100,000 and 
500,000). From many travel surveys conducted in these cities it was observed that the share of the non-motorized trips was
decreasing. Similarly, the share of the private mode of transport was found to be increasing, and a formal public transport 
system is absent in many of these cities. In the present study it was hypothesized that the changing socio-economic
characteristics and the land use pattern were the major factors causing these changes. Land use pattern has been characterized
using the intersection density, and the land use mix parameters such as Area Index. An attempt has been made to study the
effect of land use and socioeconomic parameters on the choice of private/public and motorized/non-motorized modes. In both
the cases, socioeconomic characteristics were found to be significantly influencing the utilities of the modes. In both the
cases, parameter on land use mix and the intersection density were also found to be significant. When controlling for the
socioeconomic characteristics, land use parameters were found to be significantly influencing the utility/disutility of the
motorized/non-motorized modes.
© 2013 The Authors. Published by Elsevier Ltd.
Selection and peer-review under responsibility of International Scientific Committee.
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1. Introduction
In most of the small sized Indian cities, there will be a significant increase in the modal shares of private
transport modes such as cars and motorized two-wheelers (57% in 2007 to 72% in 2031, as per MoUD, Govt. of 
India, 2008). Also, the share of the public transport modes (5%) and non-motorized modes (38%) is decreasing in
many of these cities. According to a report  available with the Ministry of Urban Development, Govt. of India
(2008), the percentage mode share of public transport for small cities with population less than five hundred 
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thousand was very low and also predicted it to be much lower in future (2% in 2031). In the year 2031, the share 
of non-motorized modes would be 26% in these cities. In India, many towns of medium size are rapidly growing 
and travel patterns observed in these cities are significantly changing. These changes may be attributed to the 
change in the socio-economic, and land use characteristics. Land use planning has significant impacts on many 
travel related parameters. Appropriate land use planning results in overall reduction of travel (expressed in 
vehicles or persons kilometre travelled) and a significant modal shift from personalized modes to public or non-
motorized transport modes. In the past, various researchers have analyzed the land use effects on travel 
behaviour. 
 
Land use pattern is characterized using the parameters such as the population or employment density, land use 
mix, distance to facilities for shopping, accessibility, street connectivity, centeredness, transit accessibility, 
roadway design, etc. Land use mix is characterized using various indices like entropy, dissimilarity index, gini 
coefficient, herfindahl index etc. Cervero (1989) has proposed the entropy index to quantify the land use mix and 
was subsequently used by other researchers. Cervero and Kockelman(1997) proposed dissimilarity index, to 
overcome some of the limitations of entropy index in characterizing the land use mix. Frank and Pivo (1994) 
found that the transit and walk shares were more in case of mixed land use, for work trips. They found little 
influence of land use mix on the mode choice, in case of shopping trips. Cervero and Duncan(2003) have found  
the strongest predictor  for walking trips.  Mixed use entropy was nothing but the entropy measured within one 
mile radius of the origin of the trip. They have analyzed only the trips that involve less luggage or goods. They 
also found that the land use pattern, characterized using density, diversity and design corresponding to the origin 
of the trip, significantly influence the bicycle trips. Rajamani et al. (2003) have found that the land use mix, 
ficantly influence the 
walk trips made for non-work purpose. They also found that the street design, measured in terms of cul-de-sac 
streets, results in more walking trips made for shopping. Pinjari et al. (2007) have characterized the built 
environment in terms of population density, employment density, and the block density. Any change in these 
characteristics of the built environment significantly affects the non-motorized commuting trips.   Cervero and 
Ewing (2010), using the meta analysis of several studies, have reported that the land use mix,  measured in terms 
of distance to store, has high elasticity value than the other diversity measures when used for analyzing walk 
trips. Among the other land use variables, intersection density has higher elasticity value. From the above 
reviewed studies as well as the other similar studies (Cervero 1989; Cervero 1996; Dunphy and Fisher 1996; 
Kitamura et al 1997) it can be observed that land use significantly influence the mode choice with respect to non-
motorized and public transport modes.  
 
In majority of the small sized Indian cities, with population between 100,000 and 500,000, it can be said that 
the land use is mixed. Recently the situation is changing due to various reasons such as the development of 
activity centres and the residential colonies on the peripherals. In addition, various policy decisions such as 
opening up the foreign direct investment into various sectors also affect the existing mixed land use. A 
peculiarity of the existing mixed land use is that the extent of land utilized by different land uses varies from very 
small area; say an isolated shop of five square meters, to bigger areas. Many household items are available within 
a smaller distance from the household and people walk or bicycle to these locations. Work places are also not 
segregated clearly from the residential locations and enough housing is available in proximity to the work place. 
Another important characteristic of the land use is people with higher income, who can use personal vehicles for 
making various trips, also lives in area where the land use mix is high. This kind of land use exists in most of the 
zones/municipal wards of the smaller cities. Any significant change in this mixed land use results in a 
significantly different travel pattern. This motivates to carry out the present study in which the effect of land use 
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as well as socioeconomic parameters, on the choice of private vehicles as well as non-motorized vehicles, has
been analyzed.  
2. Data collection on socioeconomic characteristics and the land use
2.1 Study area details
Agartala, the capital city of Tripura state, located in the north eastern part of India, has population of 3.99
lakhs as per census 2011 with an area of 58.84 sq km. It is the second largest city in North East after Guwahati
both in municipal area and in population. This city is falling in the Category 1 as per the classification of cities
based on the population, provided by a report available with the Ministry of Urban Development, Govt. of India.
2.2 Details of the data collected from household survey
Travel data, in the form of travel diary, have been collected through a household survey conducted in the
study area during March-September, 2012. Sample size, in terms of households, is about 1% of the total number 
of households of the study area. Socio-economic and demographic data  like age, gender, educational
qualification, family size, vehicle ownership, driving licence holding status, income etc have also been collected.
The sample was found to be representing the overall travel pattern of Agartala residents. In the collected sample,
37.2% of the trips are non-motorized and more or less a similar figure was reported in a report of Ministry of 
Urban Development, Government of India. Statistics of sample data are given in Table 1.  The modal split of the
collected data is shown in figure 1(b). Land use data has been classified into five groups, namely residential,
commercial, educational, service, and others. GPS device has been used to get the details of commercial,
educational, services and other land uses and then digitised in ARCGIS 10. Social welfare centres, temples,
recreation centres, cinema halls, and marriage halls are classified as other land use.
 
(a) (b)
Fig. 1.(a) Land use mix at the centre of city; 1(b) Modal composition of the sample
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Table 1. Summary of socio-demographic data obtained from the sample 
 
Socio-demographic data Value in Percentage 
Gender 
Male 72.73 
Female 27.26 
% of individual in the age  category 
Up to 20 5.01 
 20 -30 15.78 
30 - 40 13.94 
45 -50 28.1 
50 -60 21.46 
> 60 9.29 
% of individual holding driving License  
Having 37.8 
Not Having 62.2 
% of individual( Years of education) 
0 0.4 
1 to 5 2.85 
5 to 10 26.74 
10 to 15 43.35 
15 to 20 26.34 
More 0.32 
Car Ownership ( in percentage) 11.80 
TW ownership  per household  ( in percentage) 32.45 
Monthly Income (in Indian rupees) per household 
0-2000 0.313 
2001-10000 53.09 
10000-30000 10.96 
30000-50000 18.72 
 > 50000 16.91 
                 
2.3 Land use parameters 
Hess et al. (2001) have explained the need to develop an index based on land use functional and spatial 
complementarity. Land use functional complementarity ensures the consideration of origins and destinations that 
are likely to be linked by travel. It was assumed that the mode choice would be different for the trips ending 
inside the buffer zone of 500 meter radius, created around the trip origin (household in this case), and ending 
outside the buffer zone, thereby incorporating land use spatial as well as functional complementarity.   
Area index (Rupjyoti et al 2013), for work trips, is the ratio of the work areas in the buffer zone to the work 
areas in the whole study area. The work areas included in this study were commercial area, service area, and 
industrial area. It was considered that the residential land uses are linked by travel to the work areas, thereby 
incorporating the land use functional complementarity. The ratio, when close to 1 indicates that most of the work 
places lies in the buffer zone, thus more non-motorized trips would be realized. The ratio when close to 0 
indicates that much of the work places are outside the buffer zone and more motorized trips may be realized. 
Thus, these ratios gave the understanding between mode choice behaviour and the amount of particular land use 
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area available in the vicinity of the household. When Area Index was used for the analysis of shopping trips, the 
index value was computed based on the shopping space available in the buffer zone and the total shopping space 
in the study area. Area Index values for the destination of the trips have also been computed based on the 
hypothesis that the work and shopping space available in the vicinity of the destination influences the individual 
to make the non home based trips. Fig. 2 shows buffer area of 500m radius around a household for calculating 
area index.   
                                                               
Fig. 2.   500 m buffer zone created around a sampled household for calculating Area Index 
3. Results  
A number of binary choice models have been prepared for work trips, shopping trips and all the trips.  Choice 
analysis of non-motorized and motorized, private motorized mode and other modes has been carried out. Table 2 
describes the result from model on choosing non-motorized and motorized modes for shopping trips.  Motorized 
mode was kept as the base mode for model estimation. Socio economic and land use parameters have entered the 
model separately. When land use parameters have entered the constants only model there was a significant 
improvement in the model. Improvement in the model was even better when the socioeconomic characteristics 
have entered the constants only model. Even when controlling for the socio-economic characteristics, land use 
parameters have significantly improved the model (goodness of fit was improved by 30 %).  In this model area 
index, for commercial area, both at origin and destination were significant. The negative sign for area index at 
destination implies higher utility for motorized modes with higher land use mix at destination. Intersection 
density, measured as number of intersections per 500 m x 500 m cell, was also found to be significant.  
 
     Table 3 describes the result from mode choice model on personal motorized modes and the other modes, 
for shopping trips. In this case, land use parameters were found to be insignificant, when entered the constants 
only model. However intersection density was found to be significant when controlling for the socioeconomic 
characteristics. The elasticity between personal motorized vehicle choice and intersection density was quite high 
(-0.721). Percentage increase in the years of education has considerable effect on personal mode choice. Further, 
driving license and vehicle ownership also affects the utility of private vehicles.  
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Table 2.   Non motorized and motorized vehicle choice model for shopping trips 
Parameters Constant 
only 
Coefficient 
(t value) 
Land use 
parameters only 
Coefficient 
(t value) 
Socio-economic 
parameters only 
Coefficient 
(t value) 
Final model 
 
Coefficient          Elasticity 
    (t value) 
Constant (NMT) 0.531 
(4.93) 
-0.275 
(-0.92) 
-0.749 
(-1.23) 
-0.317 
(-0.46) 
 
Constant  
(Motorized) 
Fixed Fixed Fixed Fixed  
Age   0.0279 
(3.11) 
0.0139 
(1.41) 
0.173 
Gender   0.403 
(1.26) 
0.598 
(1.71) 
0.315 
License   -1.49 
(-4.66) 
-1.81 
(-5.24) 
-0.30 
Private Vehicle 
ownership 
  -0.359 
(-1.91) 
-0.413 
(-2.12) 
-0.113 
Area Index for 
Commercial Area ( 
Origin) 
 1.36 
(0.68) 
 4.05 
(1.81) 
0.048 
Area Index  for 
Commercial area 
(Destination) 
 -4.36 
(-2.69) 
 -5.73 
(-3.00) 
-0.185 
Intersection  density 
at  Household 
 0.0254 
(4.28) 
 0.0341 
(4.73) 
0.399 
2 0.045 0.084 0.164 0.213 
Table 3.  Personal motorized and other mode choice model, for shopping trips 
Parameters Constant only 
Coefficient 
(t value) 
Land use 
parameters only 
Coefficient 
(t value) 
Socio-economic 
parameters only 
Coefficient 
(t value) 
Final Model 
Coefficient           Elasticity 
    (t value) 
Constant (Personal 
Vehicle) 
-1.26 
(-10.04) 
-1.05  
(-3.32) 
-3.12 
(-3.12) 
-2.80 
(-2.78) 
 
Constant ( Other 
Modes) 
Fixed Fixed Fixed Fixed  
Age   -0.0416 
(-3.10) 
-0.0393 
(-2.90) 
-1.562 
Education   0.102 
(1.74) 
0.138 
(2.21) 
1.421 
License   2.22 
(5.07) 
2.32 
(5.21) 
0.404 
Private Vehicle 
ownership 
  0.942 
(3.51) 
0.949 
(3.54) 
0.363 
Intersection  density  -0.00440 
(-0.71) 
 -0.0183 
(-1.96) 
-0.721 
2 0.223 0.230 0.494 0.498 
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Table 4.  Non motorized and  motorized vehicle choice model for work trips 
Parameters Constant only 
Coefficient 
(t - value) 
Land use 
parameter only 
Coefficient 
(t - value) 
Socio-economic 
parameters only 
Coefficient 
(t - value) 
Final model 
Coefficient             Elasticity 
  (t - value) 
Constant (NMT) -0.653 
(-7.34) 
-1.62 
(-6.51) 
0.441 
(0.83) 
-0.0335 
(-0.06) 
 
Constant ( Motorized) Fixed Fixed Fixed Fixed  
Education   -0.103 
(-3.48) 
-0.149 
(-4.55) 
-1.337 
Gender   0.372 
(1.49) 
0.584 
(2.21) 
0.317 
License   -1.32 
(-4.81) 
-1.53 
(-5.34) 
-0.552 
Private Vehicle 
ownership 
  -0.391 
(-2.34) 
-0.363 
(-2.10) 
-0.214 
Area Index for work 
areas ( Origin) 
 2.94 
(1.77) 
 4.12 
(2.12) 
0.104 
Area Index  for 
Commercial area 
(Destination) 
 3.41 
(2.99) 
 2.09 
(1.63) 
0.126 
Intersection  density  0.0108 
(2.28) 
 0.0232 
(4.14) 
0.648 
2 0.070 0.095 0.189 0.231 
Table 4 presents the result from model on choosing non-motorized and motorized modes, for work trips. In 
socio-economic parameters years of education, gender, license status, and private vehicle ownership were found 
to be significant. As expected, having a driving license, private vehicle ownership, and more years of education 
reduces the utility of non-motorized modes.  An increase in Area Index at origin and destination was also found 
to be enhancing the utility of non motorized travel. Even when controlling for the socio-economic characteristics, 
land use parameters have significantly improved the model (goodness of fit was improved by 22%). 
Table 5. Personal motorized  and  other mode choice model for work trips 
Parameters Constant only 
Coefficient 
(t value) 
Land use 
parameters only 
Coefficient 
(t value) 
Socio-economic 
parameters only 
Coefficient 
(t value) 
Final model 
Coefficient)       Elasticity 
       (t value) 
Constant (Personal 
Vehicle) 
-0.614 
(-6.94) 
-0.879 
( -4.27) 
-7.24 
(-8.52) 
-7.20 
(-8.40) 
 
Constant ( Other Modes) Fixed Fixed 0.00   
Education   0.275 
(5.62) 
0.282 
(5.71) 
2.17 
Gender   0.837 
(1.89) 
0.851 
(1.90) 
0.401 
License   2.70 
(8.31) 
2.71 
(8.33) 
0.296 
Private Vehicle 
ownership 
  0.971 
(4.73) 
1.01 
(4.87) 
0.258 
Area Index for Work  
Area ( Origin) 
 -1.88   
(-1.09) 
 -4.48 
(-1.94) 
-0.128 
Intersection Density  0.00781 
( 1.74) 
   
2 0.062 0.061 0.513 0.515 
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Table 5 describes the result from mode choice model on personal motorized modes and the other available 
modes, for work trips. Among the socioeconomic parameters, education was having strong effect in the choice of 
private vehicles.  A decrease in area index increases the utility of private vehicles. 
Table 6.  Non motorized and  motorized vehicle choice model for all trips including the return trips 
Parameters Constant only 
Coefficient 
( t value) 
Land use 
parameters only 
Coefficient 
( t value) 
Socio-economic 
parameters only 
Coefficient 
( t value) 
Final model 
Coefficient           Elasticity 
(t value) 
Constant (NMT) -0.403 
(-10.66) 
-1.42 
(-13.49) 
-0.636 
(-3.26) 
-1.88 
(-4.82) 
 
Constant ( Motorized) Fixed Fixed Fixed Fixed  
Age   0.0242 
(8.42) 
0.0201 
(6.73) 
0.613 
Education   -0.0343 
(-2.69) 
-0.0897 
(-6.38) 
-0.84 
Gender   0.282 
(2.90) 
0.414 
(4.07) 
0.217 
License   -1.26 
(-10.85) 
-1.43 
(-11.80) 
-0.432 
Private Vehicle 
ownership 
  -0.339 
(-5.24) 
-0.314 
(-4.72) 
-0.185 
Area Index for 
Commercial Area ( 
Origin) 
 0.966 
(1.29) 
 1.90 
(2.28) 
0.056 
Area Index  for All trips  1.68 
(2.91) 
 1.09 
(1.72) 
0.0531 
Intersection  density  0.0183 
(8.67) 
 0.0265 
(10.88) 
0.8222 
Entropy      
2 0.028 0.058 
 
0.130 0.174 
Table 7.  Personal motorized  and  other mode choice model for all trips, including the return trips 
Parameters Constant only 
Coefficient 
(t value) 
Socio-economic 
parameters only 
Coefficient 
(t value) 
Final model 
Coefficient         Elasticity 
(t value) 
Constant (Personal Vehicle) -0.879 
(-21.59) 
-5.25 
(-15.17) 
-7.20 
(-8.40) 
 
Constant ( Other Modes) Fixed Fixed Fixed  
Age  -0.0114 
(-2.68) 
-0.0105 
(-2.47) 
0.406 
Education  0.202 
(9.65) 
0.203 
(9.69) 
2.249 
Gender  0.256 
(1.50) 
0.251 
(1.47) 
0.126 
License  2.47 
(17.75) 
2.48 
(17.79) 
0.588 
Private Vehicle ownership  0.930 
(11.15) 
0.938 
(11.21) 
0.488 
Area Index for all trips   -1.39 
(-1.48) 
-0.055 
2 0.126 0.491 0.491 
541 Partha Pratim Sarkar and C. Mallikarjuna /  Procedia - Social and Behavioral Sciences  104 ( 2013 )  533 – 542 
Table 6 presents the result from model on choosing non-motorized and motorized modes, for all trips. Table 7 
describes the result from mode choice model on personal motorized modes and the other modes, for all trips. 
Though the model was primarily influenced by the socioeconomic characteristics, land use parameters were 
found to be having significant effect on the choice of non-motorized modes for all trips. When all the trips were 
considered for modelling, utility of private motorized modes, were found to be primarily influenced by the 
socioeconomic characteristics and the land use parameters were found to be having no significant effect. 
4. Summary and Conclusions 
Considering the changing socioeconomic and land use characteristics and their effect on the travel pattern, in this 
study an attempt was made to understand their respective relevance in the choice of non-motorized and private 
motorized vehicles, while making different types of trips. Trips made for work, shopping, and for all the purposes 
have been analyzed. For doing this analysis, Agartala, a small sized city located in the north eastern part of India, 
was considered as the study area. The following are the important conclusions drawn out of the present study; 
 
 In case of non-motorized and motorized mode choice for shopping trips, land use variables were found 
to be significantly influencing the goodness of fit of the model. Area Index values, for both origin and 
destination, were found to be significant. Further, the intersection density was also found to be 
influencing the choice of motorized/non-motorized modes. 
 A significant elasticity exists (0.648) between the intersection density and the utility of non-motorized 
modes, for work trips. This may be due to the availability of cycle rickshaws in the areas where the 
intersection density is high. Further, area index for origin and destination has significant effect on the 
utility of NMT. The model with the land use parameters sufficiently improved (22%) when the 
socioeconomic parameters were controlled for. Only the area index at origin was found to be significant 
in explaining the choice of private motorized mode and the other modes. The utility of private motorized 
mode was to be decreasing with the increasing land use mix at the origin.   
 In general, socio economic parameters were found to be more significant and effective than the land use 
parameters, in explaining the mode choice. But when the land use parameters were added to the model 
with socio-economic variables, there was a significant improvement in the model.  
 
From these conclusions it can be said that the land use mix variables, along with some of the other land 
use parameters, significantly influence (evident from the elasticity analysis) the non-motorized mode 
choice for work as well as for shopping trips. Any change in the existing mixed land use pattern further 
shifts people towards the personal mode of travel. 
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